Introduction {#Sec1}
============

Time-delay systems are widely used to model concrete systems in engineering sciences, such as biology, chemistry, mechanics \[[@CR1]--[@CR3]\]. Time-delay systems, with the rate of current state affected by past state, are negative for the analysis and design of control systems since they may be responsible for performance degradation and instability \[[@CR4], [@CR5]\]. There are many valuable results about stability conditions for time-delay systems \[[@CR6]--[@CR9]\]. Generally, the delay-dependent stability condition is less conservative than the delay-independent one. Thus, pursuing the delay-dependent stability condition motivates the present study \[[@CR10]--[@CR14]\].

Over the past years, the Brownian motion phenomenon has been common in biology, economics, and engineering applications. Considerable attention has been devoted to stochastic systems governed by Itô stochastic differential equations, where the noises are described by Brownian motion \[[@CR15], [@CR16]\]. A large number of works that focused on stochastic time-delay systems have been published; see, for example, \[[@CR17]--[@CR20]\]. Wang et al. in \[[@CR19]\] considered the problems of non-fragile robust stochastic stabilization and robust $\documentclass[12pt]{minimal}
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                \begin{document}$H_{\infty }$\end{document}$ control for uncertain stochastic nonlinear time-delay systems. Both the robust stability analysis and non-fragile robust control for a class of uncertain stochastic nonlinear time-delay systems that satisfy a one-sided Lipschitz condition were investigated in \[[@CR17]\]. Based on the stochastic Lyapunov--Krasovskii stability approach, the problem of stochastic stability analysis was investigated for $\documentclass[12pt]{minimal}
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                \begin{document}$H_{\infty }$\end{document}$ control of uncertain stochastic Markovian jump systems (SMJSs) with mixed time-varying delays \[[@CR18]\]; meanwhile, some delay-dependent sufficient conditions on the stochastic stability and *γ*-disturbance attenuation were presented.

The neutral stochastic systems can effectively model a class of physical dynamical systems, since the mathematical models of them include the time-delays of state and its derivative. These models have received considerable attention recently \[[@CR21]--[@CR25]\]. In fact, neutral stochastic systems are applied widely in automatic control, aircraft stabilization, lossless transmission lines, and system of turbojet engine \[[@CR26]--[@CR28]\]. Both the stability analysis and synthesis of neutral stochastic systems have been extensively studied \[[@CR29]--[@CR36]\]. By using the generalized integral inequality and the nonnegative local martingale convergence theorem, the authors in \[[@CR30]\] investigated the exponential stability and the almost sure exponential stability of neutral stochastic delay systems (NSDSs) with Markovian switching. The authors in \[[@CR33]\] constructed a new sliding surface functional and considered the $\documentclass[12pt]{minimal}
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                \begin{document}$H_{\infty }$\end{document}$ sliding mode control (SMC) for uncertain neutral stochastic systems with Markovian jumping parameters and time-varying delays. Using a delayed output-feedback control method, Karimi et al. in \[[@CR36]\] designed a controller, which guarantees $\documentclass[12pt]{minimal}
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                \begin{document}$H_{\infty }$\end{document}$ synchronization of the second-order neutral master and slave systems.

On the other hand, a useful one-sided Lipschitz condition was developed in \[[@CR37]\]. Since the nonlinear part satisfying this condition can make positive contributions to the stability of systems, we can easily solve the observer design problem for nonlinear systems \[[@CR17], [@CR38]--[@CR40]\]. Inspired by the above works, we investigate the robust stability of neutral stochastic time-delay nonlinear systems with one-sided Lipschitz condition.

In this paper, we propose a class of uncertain neutral stochastic nonlinear systems. Since the systems have a derivative term of time-delay of state, they can be used in lots of fields. We investigate the nonlinear function with both one-sided Lipschitz condition and a quadratic inner-bounded condition. Firstly, a delay-dependent sufficient condition is proposed by constructing an appropriate Lyapunov--Krasovskii functional based on the free-weighting matrices method. Secondly, we construct a memory-less non-fragile state-feedback controller to guarantee asymptotical stability of the closed-loop systems. Finally, we present some numerical examples to illustrate the advantages and effectiveness of our results and find that the proposed method is less conservative.

The organization of this paper is given as follows. In the next section, we recall some notations, lemmas, and definitions of stochastic differential equations. In Sect. [3](#Sec3){ref-type="sec"}, the main problems are formulated. In Sect. [4](#Sec4){ref-type="sec"}, we give two delay-dependent sufficient conditions for uncertain neutral stochastic nonlinear time-delay systems. In Sect. [5](#Sec5){ref-type="sec"}, we design a memory-less non-fragile state-feedback controller to guarantee that the closed-loop systems are asymptotically stable, and in Sect. [6](#Sec6){ref-type="sec"}, we present two numerical examples to demonstrate the validity of the mentioned method. The last section contains a conclusion.

Notations and preliminaries {#Sec2}
===========================

In this section, we introduce some basic concepts, properties, and notations. These basic facts can be found in any introductory book on stochastic differential equations; see, for example, \[[@CR41]--[@CR43]\].
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                \begin{document}$(\varOmega ,\mathcal{F},\mathcal{P})$\end{document}$ be a complete probability space with a filtration $\documentclass[12pt]{minimal}
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                \begin{document}$\{\mathcal{F}_{t}\}_{t\geq 0}$\end{document}$ satisfying the usual conditions (i.e., the filtration contains all $\documentclass[12pt]{minimal}
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                \begin{document}$\mathcal{P}$\end{document}$-null sets and is right continuous). $\documentclass[12pt]{minimal}
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                \begin{document}$B(t)$\end{document}$ is a one-dimensional Brownian motion defined on the probability space adapted to the filtration. $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbb{R}^{m\times n}$\end{document}$ denote the *n*-dimensional Euclidean space and the set of all $\documentclass[12pt]{minimal}
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                \begin{document}$m\times n$\end{document}$ real matrices, respectively. $\documentclass[12pt]{minimal}
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                \begin{document}$\Vert \cdot \Vert _{2}$\end{document}$ stands for the usual $\documentclass[12pt]{minimal}
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                \begin{document}$L_{2}[0,\infty )$\end{document}$ norm. The inner product of vectors *x* and *y* in $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbb{R}^{n}$\end{document}$ is denoted by $\documentclass[12pt]{minimal}
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                \begin{document}$C^{2,1}(\mathbb{R}^{n}\times \mathbb{R}_{+}; \mathbb{R}_{+})$\end{document}$ denote the family of all real-valued functions $\documentclass[12pt]{minimal}
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                \begin{document}$C([-\tau ,0]; \mathbb{R}^{n})$\end{document}$ denotes the space of all continuous $\documentclass[12pt]{minimal}
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                \begin{document}$\mathbf{E}\{\cdot \}$\end{document}$ represents the mathematical expectation operator. *I* denotes the identity matrix of compatible dimension.

Definition 2.1 {#FPar1}
--------------

(\[[@CR17]\])
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                \begin{document}$f(x,y)$\end{document}$ is said to be one-sided Lipschitz if there exist $\documentclass[12pt]{minimal}
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                \begin{document}$\alpha _{1}, \alpha _{2} \in \mathbb{R}$\end{document}$ such that $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \bigl\langle f(x,y),x \bigr\rangle \leq \alpha _{1}x^{T} x+\alpha _{2}y^{T} y $$\end{document}$$ for $\documentclass[12pt]{minimal}
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                \begin{document}$f(x,y)$\end{document}$ with respect to *x* and *y*.

Definition 2.2 {#FPar2}
--------------
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The nonlinear function $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$ f(x,y)^{T}f(x,y) \leq \beta _{1}x^{T} x+\beta _{2}y^{T} y+\gamma \bigl\langle x ,f(x,y) \bigr\rangle . $$\end{document}$$

Lemma 2.1 {#FPar3}
---------

(Schur complement \[[@CR43]\])

*For a given symmetric matrix* $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$ S= \begin{bmatrix} S_{11}&S_{12}\\ S_{12}^{T}&S_{22} \end{bmatrix}, $$\end{document}$$ *the following conditions are equivalent*: $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S<0$\end{document}$,$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S_{11}<0$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S_{22}-S_{12}^{T}S_{11}^{-1}S_{12}<0$\end{document}$,$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S_{22}<0$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S_{11}-S_{12}S_{22}^{-1}S_{12}^{T}<0$\end{document}$.

Lemma 2.2 {#FPar4}
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*Then* (2) *implies* (1). *The procedure of replacing* (1) *by* (2) *is called the S*-*procedure*.

Problem formulation {#Sec3}
===================

Consider the following uncertain neutral stochastic time-delay system described in Itô's form: $$\documentclass[12pt]{minimal}
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Robust stability analysis {#Sec4}
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Theorem 4.1 {#FPar6}
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Proof {#FPar7}
-----

Choose the following Lyapunov--Krasovskii functional: $$\documentclass[12pt]{minimal}
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Using the Newton--Leibniz formula and the free-weighting matrices technique, we can derive the following equations: $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &\mathcal{L}\tilde{V} \bigl(x(t),t \bigr) \\ &\quad = \mathcal{L}V \bigl(x(t),t \bigr)+ 2 \bigl[x^{T} \bigl(t-\tau (t) \bigr) N_{1}+x^{T}_{\tau } \bigl(t-\tau (t) \bigr) N_{2} \bigr] \biggl[x(t) \\ &\quad \quad {}-Cx \bigl(t-\tau (t) \bigr)-x \bigl(t-\tau (t) \bigr)+Cx_{\tau } \bigl(t-\tau (t) \bigr)- \int _{t-\tau (t) }^{t} h_{1}(s)\,\mathrm{d}s \biggr] \\ &\quad \quad {} +2 \bigl[x^{T}(t-\tau ) N_{3}+x^{T}_{\tau }(t- \tau ) N_{4} \bigr] \\ &\quad \quad {}\times \biggl[ x \bigl(t-\tau (t) \bigr)-Cx_{\tau } \bigl(t-\tau (t) \bigr)-x(t-\tau )+Cx_{\tau }(t-\tau )- \int _{t- \tau }^{t-\tau (t)}h_{1}(s)\,\mathrm{d}s \biggr]. \end{aligned}$$ \end{document}$$ For $\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &\mathcal{L}\tilde{V} \bigl(x(t),t \bigr) \\ &\quad = \mathcal{L}V \bigl(x(t),t \bigr)+ 2 \bigl[x^{T} \bigl(t-\tau (t) \bigr) N_{1}+x^{T}_{\tau } \bigl(t-\tau (t) \bigr) N_{2} \bigr] \biggl[x(t) \\ &\quad \quad {}-Cx \bigl(t-\tau (t) \bigr)-x \bigl(t-\tau (t) \bigr)+Cx_{\tau } \bigl(t-\tau (t) \bigr)- \int _{t-\tau (t) }^{t} z(s)\,\mathrm{d}s \biggr] \\ &\quad \quad {} +2 \bigl[x^{T}(t-\tau ) N_{3}+x^{T}_{\tau }(t- \tau ) N_{4} \bigr] \\ &\quad \quad {}\times \biggl[ x \bigl(t-\tau (t) \bigr)-Cx_{\tau } \bigl(t-\tau (t) \bigr)-x(t-\tau )+Cx_{\tau }(t-\tau ) - \int _{t- \tau }^{t-\tau (t)}h_{1}(s)\,\mathrm{d}s \biggr] \\ &\quad \leq \biggl\{ 2 \bigl[x(t)-Cx \bigl(t-\tau (t) \bigr) \bigr]^{T} P \bigl[Ax(t)+A_{\tau }x \bigl(t-\tau (t) \bigr) +f \bigl(x(t),x \bigl(t-\tau (t) \bigr) \bigr) \\ &\quad \quad {}+E_{1}h(t) \bigr] + \bigl[Hx(t)+H_{\tau }x \bigl(t-\tau (t) \bigr)+E_{2}h(t) \bigr]^{T} P \\ &\quad \quad {}\times \bigl[Hx(t)+H_{\tau }x \bigl(t-\tau (t) \bigr)+E_{2}h(t) \bigr]+x^{T}(t) W_{1} x(t) \\ &\quad \quad {}-(1-d)x^{T} \bigl(t-\tau (t) \bigr) W_{1} x \bigl(t-\tau (t) \bigr)+x^{T}(t) W_{2} x(t) \\ &\quad \quad {}-x^{T}(t-\tau ) W_{2} x(t-\tau )+\tau h_{1}^{T}(t) R h_{1}(t)- \int ^{t-\tau (t)}_{t-\tau }h_{1}^{T}(s)Rh_{1}(s) \,\mathrm{d}s \\ &\quad \quad {}- \int ^{t}_{t-\tau (t)}h_{1}^{T}(s)Rh_{1}(s) \,\mathrm{d}s \biggr\} + 2 \bigl[x^{T} \bigl(t-\tau (t) \bigr) N_{1}+x_{\tau }^{T} \bigl(t-\tau (t) \bigr) N_{2} \bigr] \\ &\quad \quad {}\times \biggl[x(t)-Cx \bigl(t-\tau (t) \bigr)-x \bigl(t-\tau (t) \bigr)+Cx_{\tau } \bigl(t-\tau (t) \bigr)- \int _{t-\tau (t) }^{t} h_{1}(s)\,\mathrm{d}s \biggr] \\ &\quad \quad {} +2 \bigl[x^{T}(t-\tau ) N_{3}+x_{\tau }^{T}(t- \tau ) N_{4} \bigr] \\ &\quad \quad {}\times \biggl[ x \bigl(t-\tau (t) \bigr)- Cx_{\tau } \bigl(t-\tau (t) \bigr)-x(t-\tau )+Cx_{\tau }(t-\tau )- \int _{t-\tau }^{t-\tau (t)}h_{1}(s)\,\mathrm{d}s \biggr]. \end{aligned}$$ \end{document}$$

On the other hand, by using the one-sided Lipschitz ([1](#Equ1){ref-type=""}) and the quadratically inner-bounded condition ([2](#Equ2){ref-type=""}), we obtain the following inequalities: $$\documentclass[12pt]{minimal}
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Moreover, the following formula holds for any positive definite matrix $\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \varOmega = \begin{bmatrix} \varOmega _{11}& \varOmega _{12} & 0& N^{T}_{2}& 0& \varOmega _{16}&PE_{1}+H^{T}PE_{2} \\ \ast & \varOmega _{22}& N^{T}_{3}&\varOmega _{24}& N^{T}_{4}& -C^{T}P&-C^{T}PE_{1}+H_{\tau }^{T}PE_{2}\\ \ast & \ast & \varOmega _{33}& \varOmega _{34}& \varOmega _{35}& 0&0\\ \ast & \ast & \ast & \varOmega _{44}&\varOmega _{45}&0&0\\ \ast & \ast & \ast & \ast & \varOmega _{55}& 0&0\\ \ast & \ast & \ast & \ast & \ast & -\varepsilon _{3} I&0\\ \ast & \ast & \ast & \ast & \ast &\ast &E_{2}^{T}PE_{2} -\varepsilon _{1} I \end{bmatrix} < 0, \\& \varLambda = \begin{bmatrix} -M_{1}& 0 & 0& 0& 0& 0 \\ \ast & -M_{2}& 0 & 0& 0& 0\\ \ast & \ast & -M_{3}& 0 & 0& -N_{3}\\ \ast & \ast & \ast & -M_{4}& 0 & 0\\ \ast & \ast & \ast & \ast & -M_{5}&-N_{4}\\ \ast & \ast & \ast & \ast & \ast & -R \end{bmatrix} < 0, \\& \varPi = \begin{bmatrix} -M_{1}& 0 & 0& 0& 0& 0 \\ \ast & -M_{2}& 0 & 0& 0& -N_{1}\\ \ast & \ast & -M_{3}& 0 & 0& 0\\ \ast & \ast & \ast & -M_{4}& 0 & -N_{2}\\ \ast & \ast & \ast & \ast & -M_{5}& 0 \\ \ast & \ast & \ast & \ast & \ast & -R \end{bmatrix} < 0. \\& \varOmega _{11}=PA+A^{T}P+H^{T}PH+W_{1}+W_{2}+ \varepsilon _{1}G_{1}^{T}G_{1}+\tau M_{1} +\varepsilon _{2}\alpha _{1}I+\varepsilon _{3}\beta _{1}I, \\& \varOmega _{12}=PA_{\tau }-A^{T}PC+H^{T}PH_{\tau }+N_{1}^{T}+\varepsilon _{1}G_{1}^{T}G_{2}, \\& \varOmega _{16}= P-\frac{1}{2}\varepsilon _{2}I+\frac{1}{2}\varepsilon _{3}\gamma I, \\& \varOmega _{22}=-C^{T}PA_{\tau }-A_{\tau }^{T}PC+H_{\tau }^{T}PH_{\tau }-(1-d)W_{1}-N_{1}(C+I)-(C+I)^{T}N_{1}^{T} \\& \hphantom{\varOmega _{22}=-}{}+\varepsilon _{1}G_{2}^{T}G_{2}+\tau M_{2}+\varepsilon _{2}\alpha _{2}I+\varepsilon _{3}\beta _{2}I, \\& \varOmega _{24}=N_{1}C-C^{T}N_{2}^{T}-N_{2}^{T}, \\& \varOmega _{33}= -W_{2}+\tau M_{3}-N_{3}-N_{3}^{T}, \\& \varOmega _{34}= -N_{3}C, \\& \varOmega _{35}=N_{3}C-N_{4}^{T}, \\& \varOmega _{44}= N_{2}C+C^{T} N_{2}^{T}+ \tau M_{4}, \\& \varOmega _{45}= -C^{T} N_{4}^{T}, \\& \varOmega _{55}= N_{4}C+C^{T} N_{4}^{T}+ \tau M_{5}. \end{aligned}$$ \end{document}$$

Utilizing the Schur complement Lemma [2.1](#FPar3){ref-type="sec"}, ([23](#Equ23){ref-type=""}) is equivalent to the following LMI: $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \bar{\varOmega }= \begin{bmatrix} \bar{\varOmega }_{11}& \bar{\varOmega }_{12}& 0 & N_{2}^{T}& 0& \bar{\varOmega }_{16}& \bar{\varOmega }_{17} &A^{T}&\bar{M_{1}} \\ \ast & \bar{\varOmega }_{22}& N_{3}^{T}&\bar{\varOmega }_{24} &N_{4}^{T}& -C^{T}P& \bar{\varOmega }_{27} &A^{T}_{\tau }&\bar{M_{2}}\\ \ast & \ast & \bar{\varOmega }_{33}& \bar{\varOmega }_{34}& \bar{\varOmega }_{35}& 0&0&0&\bar{M_{3}}\\ \ast & \ast & \ast & \bar{\varOmega }_{44}& \bar{\varOmega }_{45}&0&0&0&\bar{M_{4}}\\ \ast & \ast & \ast & \ast &\bar{\varOmega }_{55}& 0&0&0&\bar{M_{5}}\\ \ast & \ast & \ast & \ast & \ast & -\varepsilon _{3} I&0&I&0\\ \ast & \ast & \ast & \ast & \ast &\ast & \bar{\varOmega }_{77} &E_{1}^{T}&0\\ \ast & \ast & \ast & \ast & \ast &\ast &\ast &-\tau ^{-1}R^{-1}&0\\ \ast & \ast & \ast & \ast & \ast &\ast &\ast &\ast &-\bar{M} \end{bmatrix}< 0, \\& \bar{ \varOmega }_{11}= PA+A^{T}P+H^{T}PH+W_{1}+W_{2}+ \varepsilon _{1}G_{1}^{T}G_{1} + \varepsilon _{2}\alpha _{1}I+\varepsilon _{3} \beta _{1}I, \\& \bar{\varOmega }_{12}= PA_{\tau }-A^{T}PC+H^{T}PH_{\tau } +N_{1}^{T}+\varepsilon _{1}G_{1}^{T}G_{2}, \\& \bar{\varOmega }_{16}= P-\frac{1}{2}\varepsilon _{2}I+ \frac{1}{2}\varepsilon _{3}\gamma I,\qquad \bar{\varOmega }_{17}=PE_{1}+H^{T}PE_{2}, \\& \bar{\varOmega }_{22}= -C^{T}PA_{\tau }-A_{\tau }^{T}PC+H_{\tau }^{T}PH_{\tau }-(1-d)W_{1} \\& \hphantom{\bar{\varOmega }_{22}=}{}-N_{1}(C+I)-(C+I)^{T}N_{1}^{T}+ \varepsilon _{1}G_{2}^{T}G_{2}+ \varepsilon _{2}\alpha _{2}I+\varepsilon _{3} \beta _{2}I, \\& \bar{\varOmega }_{24}= N_{1}C-C^{T}N_{2}^{T}-N_{2}^{T}, \qquad \bar{\varOmega }_{27}=-C^{T}PE_{1}+H_{\tau }^{T}PE_{2}, \\& \bar{\varOmega }_{33}= -W_{2} -N_{3}-N_{3}^{T} \qquad \bar{\varOmega }_{34}= -N_{3}C,\qquad \bar{\varOmega }_{35}=N_{3}C-N_{4}^{T}, \\& \bar{\varOmega }_{44}= N_{2}C+C^{T} N_{2}^{T},\qquad \bar{\varOmega }_{45}= -C^{T} N_{4}^{T},\qquad \bar{\varOmega }_{55}= N_{4}C+C^{T} N_{4}^{T}, \\& \bar{\varOmega }_{77}= E_{2}^{T}PE_{2} - \varepsilon _{1} I,\qquad \bar{ M}= \operatorname{diag} \bigl\{ \tau ^{-1}M_{1}, \tau ^{-1}M_{2},\tau ^{-1}M_{3},\tau ^{-1}M_{4},\tau ^{-1}M_{5} \bigr\} , \\& \bar{ M}_{1}= [M_{1},0,0,0,0],\qquad \bar{ M}_{2}= [0,M_{2},0,0,0],\qquad \bar{ M}_{3}= [0,0,M_{3},0,0], \\& \bar{ M}_{4}= [0,0,0,M_{4},0],\qquad \bar{ M}_{5}= [0,0,0,0,M_{5}]. \end{aligned}$$ \end{document}$$ Pre-and post-multiplying ([24](#Equ24){ref-type=""}) by $\documentclass[12pt]{minimal}
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Corollary 4.1 {#FPar8}
-------------
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Non-fragile robust state feedback controller design {#Sec5}
===================================================
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Theorem 5.1 {#FPar9}
-----------
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Proof {#FPar10}
-----
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Two illustrative numerical examples {#Sec6}
===================================

In order to illustrate the flexibility and reduced conservativeness of the proposed results, we present two numerical examples in this section.

Example 6.1 {#FPar11}
-----------
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Example 6.2 {#FPar12}
-----------

Consider the uncertain neutral stochastic nonlinear time-delay system ([3](#Equ3){ref-type=""}) with $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& A= \begin{bmatrix} -2.0& 0.0 \\ 0.0& -0.9 \end{bmatrix}, \qquad A_{\tau }= \begin{bmatrix} -1.0& 0.0 \\ -1.0& -1.0 \end{bmatrix}, \\& C= \begin{bmatrix} 0.05 &0 \\ 0.1 & 0.05 \end{bmatrix}, \qquad B= \begin{bmatrix} 1 \\ 2 \end{bmatrix}, \\& H= \begin{bmatrix} -0.3& 0.1 \\ 0.1& 0.2 \end{bmatrix}, \qquad H_{\tau }= \begin{bmatrix} -0.2& 0.2 \\ 0.3& -0.2 \end{bmatrix}, \\& E_{1}= \begin{bmatrix} 0.2& 0 \\ 0& 0.2 \end{bmatrix},\qquad E_{2}= \begin{bmatrix} 0.2& 0 \\ 0& 0.2 \end{bmatrix},\qquad E_{3}= \begin{bmatrix} 0.2& 0.2 \end{bmatrix}, \\& G_{1}= \begin{bmatrix} 0.2& 0 \\ 0& 0.2 \end{bmatrix}, \qquad G_{2}= \begin{bmatrix} 0.2& 0 \\ 0& 0.2 \end{bmatrix}, \qquad G_{3}= \begin{bmatrix} 0.2& 0 \\ 0& 0.2 \end{bmatrix}. \end{aligned}$$ \end{document}$$
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                \begin{document}$d = 1.1$\end{document}$, we solve LMIs ([31](#Equ31){ref-type=""}), ([32](#Equ32){ref-type=""}), and ([33](#Equ33){ref-type=""}) to obtain the allowable bound $\documentclass[12pt]{minimal}
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                \begin{document}$0 < \tau \leq 3.2106$\end{document}$, there exists a non-fragile state-feedback controller such that the closed-loop systems are asymptotically stable in the mean square. For this example, if we choose the time-delay as $\documentclass[12pt]{minimal}
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                \begin{document}$\tau = 2$\end{document}$, according to Theorem [5.1](#FPar9){ref-type="sec"}, we can obtain a set of solutions as follows: $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& P= \begin{bmatrix} 4.4021 & -0.9004\\ -0.9004 & 0.8275 \end{bmatrix}, \\& W_{1}= \begin{bmatrix} 1.6119& -0.0127\\ -0.0127 & 2.6697 \end{bmatrix}, \qquad W_{2}= \begin{bmatrix} 28.4346 & -0.5875\\ -0.5875 & 28.2063 \end{bmatrix}, \\& R= \begin{bmatrix} 1.8078 & -0.6499\\ -0.6499 & 0.8340 \end{bmatrix}, \\& N_{1}= \begin{bmatrix} -0.0561 & -0.1719\\ -0.1719 & 0.0351 \end{bmatrix}, \qquad N_{2}= \begin{bmatrix} -0.0367 & -0.0039\\ -0.0039 & -0.0085 \end{bmatrix}, \\& N_{3}= \begin{bmatrix} -0.0114 & -0.1333\\ -0.1333 & 0.0285 \end{bmatrix}, \qquad N_{4}= \begin{bmatrix} -0.0190 & -0.0003\\ -0.0003 & -0.0034 \end{bmatrix}, \\& M_{1}= \begin{bmatrix} 9.9084 & -0.2109\\ -0.2109 & 10.0265 \end{bmatrix},\qquad M_{2}= \begin{bmatrix} 0.4494 & 0.0197\\ 0.0197 & 0.8863 \end{bmatrix}, \\& M_{3}= \begin{bmatrix} 10.1539 & -0.1770\\ -0.1770 & 10.2906 \end{bmatrix}, \qquad M_{4}= \begin{bmatrix} 0.0014 & 0.0004\\ 0.0004 & 0.0003 \end{bmatrix}, \\& M_{5}=1.0 \times 10^{-3} \begin{bmatrix} 0.4711 & 0.0875\\ 0.0875 & 0.0850 \end{bmatrix}, \\& \varepsilon _{1}=8.9466, \qquad \varepsilon _{2}= 1.0763 \times 10^{3},\qquad \varepsilon _{3}=255.2072, \qquad \varepsilon _{4}= 29.2135, \\& \sigma =38.2553, \end{aligned}$$ \end{document}$$ and the desired state-feedback matrix $\documentclass[12pt]{minimal}
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                \begin{document}$K=\sigma ^{-1}B^{T}P=[0.0680 \ 0.0197]$\end{document}$.

Conclusions {#Sec7}
===========

In this work, the robust stability has been investigated for neutral stochastic time-delay systems with disturbance, uncertainties, and one-sided Lipschitz nonlinearity. The parametric uncertainties are assumed to be time-varying and norm bounded. Firstly, the allowable upper bound of time-delay has been obtained, which is a less conservative result. Secondly, based on Lyapunov stability, a novel non-fragile state-feedback controller has been designed to guarantee the robust stability of the closed-loop systems. Finally, two numerical examples have been given to illustrate the effectiveness of the proposed control scheme.
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